Fuzzy reasoning based on fuzzy logic was first proposed by Zadeh to handle the vague concept of reasoning in our day to day life. Since the inception of fuzzy reasoning several extensions, specifications and applications on fuzzy reasoning have been developed by different researchers. Fuzzy reasoning is now a very well established method and has a tremendous potentiality in different application areas of science and engineering. In this paper we realize fuzzy reasoning by DNA computing with an aim to add a new dimension to the existing fuzzy reasoning method by bringing it down to nanoscale computing. We replace the logical aspect of fuzzy reasoning by DNA chemistry. To achieve this goal we first fuzzify the synthetic DNA sequence by quantum dot which is a recent advancement of nanotechnology. Thus with the help of fuzzy DNA, which holds the vague concept of human reasoning, we realize the basic method of fuzzy reasoning on a DNA chip. In this approach we can avoid the tedious choice of a suitable implication operator (for a particular application) necessary for existing fuzzy reasoning based on fuzzy logic. The inferred consequences obtained from DNA computing base fuzzy reasoning is ultimately hybridized with appropriate complementary sequence probed on a DNA chip to confirm the result of inference.
INTRODUCTION
DNA computing is basically a new paradigm of computing and very often is called 'Nanocomputing'. DNA molecules consist of two long chains held together by complementary base pairs. A DNA chain is a long, unbranched polymer composed of four subunits viz. -adenine (A), cytosine(C), guanine (G), and thymine (T). The bases are classified into two groups : Purine and Pyrimidine. Adenine and Guanine are from Purine group and Cytosine and Thymine are from Pyrimidine group. The nucleotides are linked together by covalent phosphodiester bonds that join the 5' carbon of one deoxyribose group to the 3' carbon of the next. The four kinds of bases are attached to this repetitive sugar-phosphate chain. The two long chains of a DNA molecule are held together by complementary base pairs. Three hydrogen bonds exist between G and C, and two hydrogen bonds exist between A and T.
DNA with its ability to store and process information intrigued the idea of DNA computing. DNA computing has a great potential for in vivo computing and in vitro computing. It is completely independent of silicon based computing. The essential merits of DNA computing are: i) Parallelism, ii) Huge storage capacity, iii) High speed (due to parallelism) and iv) Energy efficiency. Because of the above merits of DNA computing we attempt to realize the basic approach to fuzzy reasoning by synthetic fuzzy DNA. For fuzzification of synthetic DNA sequences we take help of quantum dots. We ultimately realize the computation of fuzzy reasoning on a DNA chip based on our wet lab algorithm.
Fuzzyfication of DNA sequence
For fuzzification of DNA sequences which are used for wet lab DNA computing, we consider quantum dot which is a recent advancement of nanotechnology. Before we proceed further we provide a brief introduction of quantum dots for reading comprehension.
Quantum Dots
Quantum dot is a recent advancement of nanotechnology. It is a crystal of cadmium selenide (CdSe) containing few atoms. In a quantum dot electrons are confined in the crystal so the gap between energy levels is wide. It emits only one wavelength. The size of the dot determines its color. All quantum dots can be excited with the same light source, but each one emits only its characteristic color. Usually DNA targets are tagged with fluorescent labels known as quantum dots. After hybridization the resulting DNA helices can be identified by their colors. In our wet lab algorithm we use this concept to realize the membership value of the consequent DNA sequence (i.e. B'). 
Fuzzy DNA
We introduce the concept of fuzzy DNA as follows:
Let our universe of discourse be discrete. Let an arbitrary four base DNA sequence be a basic element of the discrete universe. Thus, several elements of the discrete universe are represented by several four base DNA sequences which are suitably chosen. Now each four base DNA sequence can be colored as per the color of the quantum dots indicated in which denotes one primary fuzzy set defined over a discrete universe (see Table: 4 and 5).
Abstract Model for DNA computing
Several theoretical and practical computation models have been proposed for DNA computing [2] [5][12] [13] . In this paper, we assume a computational model based on four base DNA sequence/ four base colored DNA sequence (i.e. Fuzzy DNA) which is a basic atom of computation depending upon the environment of computation which may be deterministic/fuzzy. The model allows the following DNA operations which are treated as syntax of our DNA computing. This model is true for our wet lab computation.
Syntax of DNA computing
The following operations can be done on DNA sequences in a test tube for DNA computing.
Synthesis: synthesis or create desire strands.
Separation: separation or sorting strands by length.
Merging: pour two test tubes of DNA into one to perform union.
Extraction: extract those strands containing a given pattern.
Melting/Annealing: breaking/bonding two single strand DNA molecules with complementary sequences.
Amplification: use PCR to make copies of DNA strands.
Cutting: cut DNA with restriction enzymes.
Ligation: ligate DNA strands with complementary sticky ends using ligase.
Detection: confirm presence/absence of DNA in a given test tube.
Semantic of DNA computing
The linguistic interpretation of the end result of the wet lab provides the semantic of our present model of computation. If the linguistic interpretation of the end result of the wet lab is acceptable to the commonsense of a human being we would consider the interpretation to be true/partially true/more or less true etc depending upon the degree of acceptability to the commonsense of a human being; otherwise it becomes false/nearly false etc in the same manner. For instance, at step 8 of section 5.2` the fuzzy DNA sequence B' gives the linguistic interpretation 'Heavy' corresponding to the linguistic statement 'Tall'. Such linguistic interpretation of the end result of the wet lab experiment is perceptually acceptable to our commonsense and treated as true. Hence this particular linguistic interpretation is the semantic of our DNA computation.
As our ultimate goal of this model of computation is to develop a fundamental notion of computation with perception we choose this particular approach to semantic which essentially tries to map human perception.
Formulation of Fuzzy Reasoning by DNA sequences
The To solve this problem by DNA computing we consider the following procedures.
We have to take all the sequences of equal length, i.e. the sequences are consisted of equal number of bases and the number will be even number [6] .
Let the sequence of A be ATCG. Therefore, the sequence of B is TAGC which is the complementary sequence of A.
For further details on fuzzy reasoning by DNA computing one should consider table 2 and table 3 and also [5] . 
Wet Lab Method
Before we perform the wet lab algorithm using standard DNA operations we first introduce the concept of DNA chip. Subsequently we describe the wet lab algorithm for solving the fuzzy reasoning problems as stated in section 4.
DNA chips
Array of natural DNA probes is known as micro-array. It is used for gene sequencing. If gene expressions of the arrays are based on human designed probes, instead of natural ones, then these synthetic arrays are known as biochips or DNA chips. A DNA chip or biochip is an array of single-stranded DNA sequences or probes on a solid substrate (Fig: 1) ; Each site or cell contains a similar set of DNA probes. Cells may have similar probes or different probes. The target sequences are tagged with quantum dots and then injected into the chamber (Fig: 2) . The targets hybridize with the probes on the chip (Fig: 3) . After hybridization, the chip is scanned with UV light to identify the position of the fluorescent DNA helices. 
Wet Lab Algorithm
1. All linguistic values including the fictitious sequence by DNA oligonucleotide sequence are encoded [5] . Each sequence (four base short sequence) of A' (see equation 1) has a complementary sequence. At every instant, tag color to each sequence including the fictitious sequence by the particular color of membership value (see Table: 5. Get the resultant sequences and use Gel Electrophoresis to get the sequences of a certain length. 6. Use the method of Affinity Purification to avoid the duplication of short sequences in every resultant sequences. 7. Ligate the color tagged short sequences from step: 1, to mimic the resultant sequences of step: 6. 8. Use the color tagged DNA sequences obtained from the step: 7 to hybridize a DNA chip where the sequence of A' is used as probe.
After hybridization the DNA chip is observed by UV light.
The color dots will be seen if the chip is hybridized by any sequence obtained from step: 7.
If there is any sequence that will be the sequence of B' and their membership value will be detected from the Table: 1 by their corresponding color.
Illustrative examples on wet lab algorithm
For wet lab experiment we reconsider the following problem. 
Comparative Study
In this section compare the performances of the four cases as stated in [5] . The results obtained by DNA computing are quite satisfactory and in some cases better than the fuzzy reasoning based on fuzzy logic. 
Conclusion
We propose fuzzy reasoning based on DNA computing and obtained satisfactory results at the end of our wet lab experiment. We verify the results obtained from wet lab experiment with those obtained from conventional fuzzy reasoning method [10] [11] and get satisfactory performances (see Table: 1). Fuzzy reasoning based on DNA computing simply enhances the existing tool of fuzzy reasoning by bringing it down to nanoscale. The DNA chemistry of fuzzy reasoning can avoid the tedious choice of a suitable implication operator which is absolutely necessary for fuzzy logic based fuzzy reasoning. We consider the Fuzzy-DNA to handle the vague concept of day to day reasoning which is very prominent in all real life applications. The existing properties of fuzzy reasoning (i.e. the properties of generalized modus ponens) as proposed by Zadeh equally hold good in fuzzy reasoning by DNA computing. We can apply the present approach to fuzzy reasoning based on DNA computing to different areas of pattern classification, object recognition, control problems, weather forecasting etc. Application oriented results based on fuzzy reasoning using DNA computing will also be reported elsewhere. 
